We describe five individuals who have constitutional deletions of the short arm of one chromosome 11, including all or part of the band p13. All of these individuals suffer from aniridia; two have had a Wilms tumor removed. We have established lymphoblastoid cell lines from these and in three cases constructed somatic cell hybrids containing the deleted chromosome 11. Analysis of DNA from the cell lines and hybrids with a cloned cDNA probe has shown that the catalase gene is deleted in four of five patients. The catalase locus must be proximal to the Wilms and aniridia-related loci.
genes in any of these individuals; we conclude these genes are likely to be outside the region llpl2-llpl5. 4 . In addition, we have used monoclonal antibodies in fluorescence-activated cell sorting analysis to measure expression in the hybrids oftwo cell surface markers encoded by genes that map to the short arm of chromosome 11. The genes for both of these are deleted in two individuals but are present in the individual with the smallest deletion.
Wilms tumor is a nephroblastoma affecting -1 in 10,000 children (1) . One in 50 children with this condition also has congenital aniridia (absence of iris), which usually leads to blindness (2) . Conversely, 1 in 3 individuals with sporadic (nonfamilial) aniridia develops Wilms tumor. Patients with the aniridia-Wilms tumor (AWT) syndrome are usually mentally retarded and often suffer from other urinogenital abnormalities. The majority ofAWT patients is heterozygous for a constitutional deletion that always includes at least part of band p13 on the short arm of chromosome 11 (3, 4) . Individuals with visible deletions embracing the whole of band 11p13 invariably have aniridia, but only present with Wilms tumor in about halfofthe cases, suggesting incomplete penetrance (5) . In several cases of Wilms tumor without aniridia or obvious deletion, the involvement of chromosome 11 has been demonstrated by the loss of an allele for one or more chromosome 11 short arm markers in tumor tissue relative to heterozygous normal tissue from the same patient (6) (7) (8) (9) . It appears therefore that in nephroblastoma, as in retinoblastoma (10) , there is selection for homozygosity of a defective or absent allele in the course of tumorigenesis. Thus, at the cellular level Wilms tumor is recessive and the observed incomplete penetrance is consistent with a two-hit hypothesis oftumor development (11) . The The availability of overlapping deletions will help in the isolation of these genes and in the construction of a physical linkage map of chromosome lip. As a first step toward isolating these genes we must identify the genes or DNA deleted in all patients and define the smallest region of overlap. We describe five individuals with aniridia having varying sizes of overlapping deletions and different combinations of congenital abnormalities. Lymphoblastoid lines and somatic cell hybrids were analyzed by using markers previously assigned to chromosome lip. These include DNA probes for P-globin (HBB), calcitonin (CALC), parathyroid hormone (PTH), and catalase (CAT), the last of which has been shown by enzyme analysis to be reduced in a number of AWT patients with deletions (12). We also followed the expression of the enzyme lactate dehydrogenase A (LDHA) and of two cell surface antigens defined by antibodies F10.44.2 and 163A.5 (13, 14) .
MATERIALS AND METHODS
Cell Culture. Peripheral blood lymphocytes (=2 x 106) were cultured with Epstein-Barr virus. Transformed cell lines, obtained within [3] [4] [5] weeks, were grown in RPMI 1640 medium supplemented with 5% fetal calf serum, 0.2 international unit ofporcine insulin per ml, 1 mM oxaloacetic acid, 0.45 mM sodium pyruvate, and 12.5 mM 3-(N-morpholino)-propanesulfonic acid.
Somatic cell hybrids were produced by fusion between the thioguanine-resistant mouse myeloma cell P3-NS1/1-Ag4-1 (15) and human lymphoblastoid cells. Fusion and selection for independent hybrids were carried out as for hybridoma production (16 define two distinct antigens (13, 14, 24) encoded on the short arm of chromosome 11. TRA1.10 (gift of Peter Goodfellow) defines a long arm-encoded antigen (13, 24) and was used as the positive control antibody. The negative control antibody was AFP21.2, which recognizes human a-fetoprotein (16) .
FACS Analysis. Cells were prepared for FACS analysis by using the procedure described by Andrews et al. (25) but with RPMI 1640 medium and 2% fetal calf serum as wash medium. Cells (1 x 106) were incubated with saturating amounts offirst antibody, and fluorescein isothiocyanate-labeled sheep antimouse IgG, at a 1:40 dilution, was used as the second antibody. Cells were analyzed for the distribution of fluorescence intensity by using a FACS IV cell sorter. For each antibody, 10,000 cells were counted and data were obtained as a histogram of cell number plotted against relative fluorescence intensity.
Enzyme Analysis. LDHA isoenzyme analysis was by electrophoresis on "Cellogel" cellulose acetate membranes. Cell lysates, buffers, and staining reagents were prepared as described by Meera Khan (26) . Relative LDHA activity was assessed visually.
DNA Extraction. DNA was extracted from lymphoblastoid cell lines and somatic cell hybrids as described in detail elsewhere (27) .
Plasmids. The CAT cDNA-containing plasmid was isolated in this laboratory from a liver cDNA library by using a synthetic oligonucleotide as probe. The sequence of the insert has confirmed that it encodes CAT (unpublished data).
The HBB cDNA-containing plasmid pPst(3 has been described elsewhere (28) . The CALC-cDNA containing plasmid PLT-B3 was a kind gift of S. Legon and I. MacIntyre and has been described (29) . The PTH cDNA-containing plasmid p20.36 was a kind gift of J. Schmidtke, H. Mayer, and C. Bostock and has been reported elsewhere (30) .
Gel Electrophoresis and Southern Analysis. DNA was digested with restriction endonucleases as recommended by the manufacturers and then electrophoresed in a 0.8% agarose gel. The DNA was then transferred to nitrocellulose as described by Southern (31) .
Hybridization. Plasmids were labeled by using [a-32Pl lTP (800 Ci/mmol; 1 Ci = 37 GBq) by nick-translation (32) (33) .
NYMI, aged 12, has a deletion extending from the interface of 11p12/13 to p15.4. She has not had Wilms tumor but has bilateral aniridia and congenital cataracts and is severely mentally retarded. In addition, she has polydactyly of the feet, asymmetry of the cranial vault, and a loud pansystolic heart murmur. Interestingly, she has six instead of seven cervical vertebrae.
JECO, aged 24, has a deletion extending from 11p12 to 11p15.1. She also has not had Wilms tumor but has bilateral aniridia, is severely mentally retarded, has a systolic heart murmur, and is physically severely disabled.
GOTY, aged 12, has a deletion extending from 11p12 to 11p14. She has had a nephroblastoma removed, has bilateral aniridia, and is mildly mentally retarded.
SATO, aged 8, has very similar symptoms and deletion end points to GOTY. The deletion may be slightly less extensive, but the exact break points are difficult to determine.
The fifth patient, ANNA, is now 23 years old, has not had Wilms tumor but has aniridia and mild mental retardation. His twin brother, presumed monozygotic, also with aniridia, died 20 years ago after the removal of a nephroblastoma. This, like a similar reported case of discordant monozygotic (Fig. 2 Left) and PTH (data not shown) the humanspecific band(s) were present whenever either the deleted or the normal homolog was present. In contrast, the human CAT bands were absent when the deletion chromosome was present (Fig. 2 Left) . A control hybrid with chromosome 11 as its sole human component confirms the assignment of the CAT structural gene to chromosome 11 (12) .
In the ANX hybrids (human parent ANNA) it is difficult to distinguish the two homologs cytologically. Since ANNA was known to be heterozygous for a CALC restriction fragment length polymorphism (Fig. 2 Right), the presence of a different homolog in the two cytologically chosen hybrids was confirmed by the demonstration of a different CALC allele in each (Fig. 2 Right) . Both of these hybrids, however, were found to possess the human-specific CAT bands (Fig. 2 Right), showing that the CAT gene lies outside the small deletion from the middle of the 11p13 into p14.
The SAX hybrids (human parent SATO) have not yet been studied by Southern analysis. Proc. Nati. Acad. Sci. USA 82 (1985) 8595 Analysis of CAT Gene Deletions by Dosage. Having demonstrated CAT gene status of deletions in somatic cell hybrids, we examined CAT gene dosage directly in DNA prepared from deletion cell lines and controls. DNA was digested with a restriction enzyme chosen to produce clearly separated, nonpolymorphic bands on simultaneous hybridization with probes for CAT and HBB. HBB was known not to be deleted in four of the patients (Table 1) and could therefore be used as an internal standard. Fig. 3 shows Southern blots for the largest HBB and CAT fragments and also shows the densitometric tracing and peak ratios obtained for pairwise combinations of patients and controls.
We have carried out this type of analysis several times and, though there is some variability, there is no doubt from the HBB:CAT ratios that NYMI, SATO, GOTY, and JECO all lack one copy of the CAT gene, whereas ANNA does not.
FACS Analysis for the Expression of Cell Surface Antigens. short arm-encoded antigens and of one long arm one. Initially, we studied the ANX and NYX hybrids bearing either the deleted or the undeleted chromosomes 11. Fig. 4 (Fig. 4) . Chro The retention ofthe gene for HBB in a series of overlapping deletions (NYMI, ANNA, GOTY, and JECO) extending from the proximal end of p12 to p15.4 places HBB outside these two end points. This is consistent with assignments of HBB to the p15 terminal region (37) (38) (39) .
Similarly, we conclude that the CALC gene must lie outside the p12-p15.4 region of chromosome 11. This is difficult to reconcile with the assignment of this gene to p14 by in situ hybridization (40) but could be consistent with its localization to 11p14-qter (41) .
The gene encoding PTH is excluded by our findings from the region between the proximal end of p13 and p15.4. Since PTH has been found to be closely linked to HBB (42) , the likely localization is at a position distal to p15.4.
The reduction in the enzyme activity levels of the LDHA isoenzyme relative to LDHB, in GOTY and JECO, is consistent with LDHA assignment to 11p12 (43) and our cytogenetic finding of the most centromere-proximal break points in these patients (Fig. 1) .
The genes for the two short arm-assigned cell surface antigens F10. 44 deletion (distal end of p12-p14) and the NYMI deletion (p13-p15.4) regions. Therefore, from the combined data we conclude that the two cell surface antigen loci lie between the proximal end of p13 and the middle of the p14 band. Because the exact breakpoints are impossible to define cytologically, we cannot conclude whether both of the loci are on the proximal or distal side of the ANNA deletion. The localization ofgenes encoding two distinct cell surface antigens to just outside the region extending from the middle ofp13 to some way into p14 is fortunate. These are selectable markers that will be useful for isolating and maintaining somatic cell hybrids bearing other chromosome 11 deletions (44) and translocations. They can also be used for isolating fragments of chromosome 11 introduced into rodent cells by chromosome-mediated transfection. This will aid the construction of DNA libraries specific for the region of interest.
